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Summary

ir blological control of pest insects by mean of entomo-
phageus insests 1t is very important to have strains of para-

sites with high biotic astivity,

- One of the ways to obtain such strainsg is to explore in
the field the sirains of parasite having higher than average
blotlc activity, Then most promising races collected in va-
rious areas are crossed to receive progeny with increased
biotic activity, : :

Suczh possibilities are studied in case of Dahlbominus
fuscipennis Zett, and Dirhicnus alboannulatus Ratz., two im=
portant parasitic hymenopterans attacking several forest in-
sect pestse . . :

Collections of specimens of these two hymenopterans in
different regions have been made and individuals from a given
reglons have been mated with individuals of another regioms,
Selected strains have showed improved capacity for searching
out their hosts, had higher fecundity, and greater ability
to survive, Tmmg will be liberated in forested areas and they
will be studied to find proper techniques and conditions for
their liberation. :

Attempts to receive improved strains of various parasitic
insects were frequently undertaken in past / G r o £ £ and
Howard,1924; Flanders, 1930 Rubcow,
1948/ and some of them were positive, For example, very dis-
tinct increase in efficacy of parasite .as result of crossing
of several strains collected in different areas of Europe,
was observed in case of parasitic tachinid Compsilura concin-—
nata Meig, introducted to the UsScAe / HoWa r 4 and
Fiske, 1911/

: In the first phase of this studies on D, fuscipennis and
- Do_alboannulatus tife bilology and ecology of these E&menaptea
rans have been worked out., Informations gained in these stu-
dies served as basis to undertake further study in order to
work out the most effective and economic method of laboratory
mass rearing of these parasites., The method that has been
developed comprises: optimal temperature -'25°C; use of most
suitable insect hosts /for.D, fuscipennis - .Gilpinia fruti-
torum G,, and for D, alboannulatus - Bupalus piniarius L. H
storage 8f parasites in larval instar. or in pupa in tempe-
rature 0°C., this method allows in practice to receive at A
any needed date the desired number of adults of both species.,

In the second phase of this work studies have been made
to determine the level of biotic activity of several pure
’lines that had been collected in different areas or lines
recelved as result of crossing procedure., As indicators of
bictic activity the following characters have been conside-
red: .

1. Longevity of females
2. Fecundity of females
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3. Ability to parasitize thick-walled cocoons of hosts
4, Searching capacity of females

During the reproted period the special interest was gi-
ven to the parasite D, fuscipennis., Work on second species
D. alboannulatés is in the beglnning stage because at time
when this studies have been started /March 1961/ no suffi=
cient number of specimens could be collected and it was ne-
cessary to wait with collection until winterg 49cL-¢2

The biotic activity of 10 pure strains of Do fuscipennis
have been studied and at present time the detalled studies

on several strains received from crossing of these pure lines
are in progress,

R ﬁ Preliminary summarizing of results of studies concerning
activity of investigated strains possible only at pure lines
as this was studied on 16,000 individuals, As cross-lines
are concerned it may be only stated that all strains of D,
fuscipennis as well as De alboannulatus, may be cross-fe?%iu
l1ized and their progeny 1is Tertile. :

Preliminary studies on pure lines point out that there
is a distinct differentiation of biotic activity among va-=
rious strains of parasites and therefore special selection
of strains of parasites that are used in biological control
of pests is necessary. It is important to notice that as a
rule the strains with high fertility and great capacity of
searching of a host, showed lower ability to parasitize
thick-walled cocoons and shorter average longevity or vice
versas i : :

The practical conclusilon is sucﬁ that by crossing of
lines with the positive features will be possible to receilve
a strain with ideal features for use in biological control,

Detailed Re port

Introduction

5 Obtaining of effective parasites with high bilotic actl-
E vity is possible by elimination of most active strains colle~-
) cted in the field or by mean of crossing of most promising
lines, - .. .

In this work, which was undertaken in order to obtain
the most effective strain of two parasitic hymenopterans
Dahlbominus fuscipennis Zett. and Dirhicnus alboannulatus
Ratz., tThese two ways are applied. The recelved strains will
Pe later checked in the forest as to their effectiveness in
controlling some forest pest insects, :

In the first phase of this studles selection of the most
active strains collected in the field were made and then
individuals of these lines were crossed under laboratory con-
ditions.
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Similar studies carried in different countries gave pro-
. mising results. For example several papers are known repor-
ting that crossing of strains of coccinellids collected in
various areas have lncreased fertility of females and ability
of 17rvae_and adults to destroy aphids / Jachwent ow,
1957 ® - L . ) o .

The most effective strain of Aphelinus mali Hald, has
been receilved by selection anducross—rfertillizing between
thre7 different lines of this parasite /Ti 1l lyarzrd,
1924/, . .

Jasumatsu /1958/ was succesful in finding ex-
tremely active strain of Anicetus beneficus Ishii et Jasum.,
that after artificial dispersion in Japan s controlie

insect pest Ceroglastes rubens Moscke. All previous attempts
to acclimatize other natural enemies of this pest has failed.
Very interesting results were also received during stu-
dies on Dahlbominus fuscipennis Zett. / W1 1l ke s , 1942,
1947/. While rearing strains o o fuscipennis showing. pre-
ferency to low temperature, in 4Th generation 40% of indivi-
duals showed preferency to temperature below 10°C, In the .
original strain number of such individuals ranged about 3%,
Wilke s works indicates also, that by selection of in-
dividuals that showed higher fertility was possible to in-
crease the average fertility of females of D, fusclpennis
from 34 to 68 eggs. Investigation of breeding improved strains
of entomophagous insect through selection were carried by se-
veral authors and results of them were positive / Ba c h
de, 1958, S 1 mmond s 1947/, Therefore we see that this

way show good promise in breeding of parasites for biological
control purposes.

Experimenta Py
procedures o
In order to obtain insect material of D, fuscipennis and
D, alboannulatus the cocoons of Diprion spp. ana EnginIa'sgpe
and pupae of Bupalus piniarius L, and Eano%is flammea Schiff,
were collected in different areas of Poland during autumn,
winter and spring. - v ‘ ,

The pupae and cocoons were dissected in order to find
parasites. .

Obtained in this way strains of parasiteS'arg reared in
pure lines for 3 generation at temperature 15=21°C and 50%-
80% relative humidity in glass vials that are 15 mm in dia-
meter and 120 mm in length., Each vial contained .5 females of
parasites and 15 cocoons or pupae of insect host. Then expe-
rimental studies were undertaken to determine the biotic acti-
vity of separate lines of parasites, e :

Host insect for experimental studies of both parasites
were ¢ollected in the forest areas in which appearance of .
these lnsects was reported by forest administration, In the
reported period total of several thousands of cocoons. and
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pupae were collected. Collected diprionids cocoons were di-
vided into two groups: /1/ -~ light yellow codoons with thin
wall; /2/ - black-brown cocoons with thick wall., In course

of experimental studies it was found that parasitization of
thin walled cocoons was 71% higher than thick walled cocoons,
which were obviously more resistant against parasites attack.
First group of thin-walled cocoons included about 90%- of co-
coons of Gilpinia frutetorum F,, while second group included
88% of @iprion pini L. - :

Cocoons were segregated before they were used for rear-
" ing of parasites. Cocoons damaged or with dull color /as
rule killed by microorganism/ were eliminated, At further
segregation a special method was used based on differences
1 in elasticity of healthy and abnormal cocoons, It was found
that normal cocoons dropped from a height of 20-30 cm on a
. surface of a hard wood are not repelled while .dead cocoons
"\ are, Using these two methods for .segregation it was possilble
" to obtain material with health ranging about 76-82%. Segre-
gated cocoons when stored at 0°C did not loose.theilr vitali- .
ty even for a year, Lo ’ o ’

As host for D¢ alboannulatus the pupae of B iniarius
were used., Pupae collected in the field were segregated and
abnormal pupae /which did not show movement when pressed
with fingers/ were eliminated., This method allowed to obtain

material 100% healthy. . R

The following criterioﬁs and methods were used to study
biotic activity of separate strains of parasites:

1/ Longevity of females of D, fuscipennlis and D, alboannu-
- latus. Females were closed in vials /15 mm in %iametgr,
and 160 mm in length/ and kept in thermostates at 25°C

and 50% relative humidity of air., Number of dead indivi-

duals was checked every day and eliminated. “

2/ Fecundity of females of D, fuscipennis and D, alboannu-
’ latus. A number of tests were carrled and each series
‘Included 5 one day o0ld females and 15 cocoons or pupae
. of host insect closed together in a.vial /45 mm in dia-
y meter and 120 mm in length/. The vials were .kept in ter-
mostates at -25°C and 80% relative humidity and progeny
. of females were counted. S o

¢ 3/ Searching capacity of females. A number of tests were
carried comprising separate repetitions in which insects
were kept in wood cages /25 x 30 x 33 cm/ with one glass

wall. In case of D, fuscipennis one repetition included 45

females and 15 cocoons, the last covered with 1 om layer
of dry forest litter. After a period of 15 days aumber
of parasitized cocoons estimated by dissection of cocoons,
In case of D. alboannulatus in similar cages 15 pupae of
B, piniarius were piaced on forest litter and.then 45
females of parasite were closed there. Number of parasi-
tized pupae were counted after 21 days. Because of un-
vailability of large termostates.to kegp. these cages they
were kept in room at temperature 15-21°C and 50-80% re-
lative humidity,. e PR
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4/ Ability to parasitize hosts with thick-walled cocoons by
D, fuscipennis. This included series of tests in which
each repetition comprised 20 females of parasite and 20
thick-walled cocoons placed together in a glass vial /15
mm_in dlameter and 160 mm long/. These vials are kept at .

25%C and 50% relative humidity and number of parasitized

.cocoeng-was eéstimated 2 weeks later by dissection of co-
coons, v ~ S R o

Material .that is used in cross breeding of pure lines is
obtained by dissecting of parasitized pupae or cocoons of
host insects and collecting of male and female pupae of para—
- 8ites, Adults that emerge from pupae of separate lines are
cross-mated and blotic activity of thelr progeny is checked I
according to the above procedure.. : ot

The studies included first generation /F,/ and third ge-
neration of cross-fertilized strains becausée males of D, fus-
cipennis which hatch from unfertilized eggs /arrhenoto
Inherit ohly features from mothers and therefore full appea-
rance of results of crossing may be expected in the third

generation, . \

R e sult¢ts

It should be emphasized that because of unsufficient num-
ber of repetition of separate experiments it is to early to
make complete conclusions, During the reported period special
interest was given to the D, fuscipennis. Work on second spe-~
cles D, alboannulatus is in the begining stage as at time
when this studles were started this parasite was not available
in sufficient number. Collection of D, alboannulatus was
possible Jjust now in winter 1961/62,. .

+ Studles made so far on pute lineés of D, fuscipennis showed
that there 1s distinct differentiation o iotic activity inm
different strains /Table 1/, :

Another problem studied was biotic activity of progeny

received as result of cross-mating of individuals of several Ty
pure lines of D, fuscipennis. In the first phase the first o
generation /F,/ of 18 crossed lines was studied. It was found

that progeny of all strains is fertile that average longevi- s

ty of females of F, /Table 2/ was higher comparing with fe- N
males of pure line; /Table .1/, ‘ : , :

In the second phase that is in the begining stage special
attention was given for combination of these pure lines which
have showed special positive features., The Fy and F3 were
studied and results are presented in Tadble 3. .

As regards D, alboannulatus 7 pure strains were collected
in varlous areas and rearing stocks were established., It may
be emphasized that there are some difficulties in rearing
of parasites connected with appearance of unexpected diapause
of larvae and complete lack of males in some’ population, This
last leads sometimes to extermination of strain because from:
unfertilized eggs hatch only males.
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Table A1

T e T i e B BT S T I DR N I S R T O A Y i T T N N M R A I SR N S R SR I I S R I I M I I I R R ks iy
fl~ H N 3 it
;btrain Longevity cof Parasitization {Searching Fecundit "
Number} females of thick-wal- ! capagity ecundity L
i . |Numberj Avera- 1ed cocoons % pa={Num- | Avera-—|Number !
}} of fe- ge lon-l % para-!Number lrasl-!ber ge fe-tof feug
i males | gevity | sitizedjof co=jtizedjofl cundi—~jmales
i in days coons co- Ity of ltestedl
" tested coons| one 1 I
' - | female

1] i
H &
= i

" i 1. | 88 | 7,9 38,2 | 300 156,3 {225 |47,5 [305 |}
noII, | 819 641 23,8 285 167,7 1225 46,0 1300

" §§111; 794 | 7,8 |41,8 300 17157 {225 135,3 295 ﬁ
I IV, .} 824 1 7,2 36,0 300 50,0 1225 37,0 300
E; Vo | 545 794 31,5 300 l47,0 |225 }45,6 295 ﬁ
o VIe 816 6,8 22,8 300 54,0 225 5241 300 I
§ ViIe | 812 7,0 30,3 300 145,2 1225 139,4 1305 ﬁ
IVIII, 824 647 123,7 300 41,7 1225 48,9 {300 I
WoIX, | 823 6,7 37,8 300 43,8 1225 155,60 1305
§ Xg | 809 | 6,6 33,8 300 53,8 {225 |46,1 1255 g
Himmems :::..“:::::“:::i::&é::‘:ﬁé::ﬁ::::::“ﬁ::::’:::i:i:é:::;:i.‘:ﬁ::z:zﬁ:‘:zim:xz‘ﬁ:&::z::#

Table 2

B O e b T e e e e e | .
iNumber of cross—| Longevity of females ~ Remarks i
y mated strains Average lon=|Number of i
" gevity /in (females n
) : ‘ days/ tested i

" ! I xII 9,1 404 i

. W IIx VI 8,6 216 !
’ 1 I x IIT 842 429 ‘ {:
: g II x VII 8,0 138 i

n II x I11 843 210 -
W I x IV 8,4 221 i
P IxV 10,6 196 | i
iV x VII 9,2 237 I
n II xV 9,'1 224 i
W Ix VI 3,2 308 < +
i II x IV 8,6 212 !
WIII x V 9,3 219 n
o Vx VI 843 225 "
i IV x VII 9,2 164 | !
111 x VI 845 400 ‘ I
vl x IX 742 391 I
# IIT x IX T¢5 447 il
Il x IX 746 242 p
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Table 3
of o b Jongevity of females Fecundity of females i
! ateq |—mmmmmeqgle 2 S S N
U strai-!Average |Numbexl Avera-|Number! Avera~! Number Avera—|Numbex
W ns i1longe- iof fe~i ge lon+of fe- ge fe-jof fe- ge fe-jof fe-
o lvity in|males | gevity|males | cundi-{males | cundi-| males !
v |days tested] in tested ty |tested t¥y teste%
n Sy ; ‘ days : ] _ﬁ
r N PR
ii IxII 9,1 | 404 - | = 551 |10 - - ‘;‘;
11711 8,2 429 748 , 140 5445 150 | 57,4 50 i
{1xvi | 8,2 308 | 7,9 200 47,0 75 | 54,3 65 1
U IITxvI] 8,5 400 | 7,6 1216 59,1 115 140,86 I
S WIxIx | 7,6 242 [ 7,6 242 149,612 58,4 65 E
" IIIXIX 745 417 753 | 328 54,45 85 55,6 110 I
MvIxIx | 7,2 1391 |, 7,6 1200 58,7 130 76,3 50
0 o e ¢ 1 ) . ‘ i
] ;:::}::Akﬁ::?:?:":: :-;===EEL’=iE::i::i;::::::ﬂ:‘:ﬁ:z=T*='.‘.=’=====i=====:=t=====sz

. Mable. 3 like Table 2 also shows that vitality of progeny
of crossed .lines increases in F, and F,. However, because of
unsufficient number of repetiti&ns it.zs difficult to sag now
-whether crossing of most prominent strdins will give progeny
with high vitality. ‘

- '5,Sevéral experiments were carried to find what host insects

. appear to be the best for laboratory rearing of parasites,

Out of several natural insect hosts: Panolis flammea, Sphinx
T time

pinastri and Bupalus piniarius or unatural /for the firs

‘used as hosts for D, alboannulatus/ - Galleria malonella L.,
%a%acosom§-geu§tr;g «y and Ephestia kuhniella Zell. as best
5) appeared to be B iniarius., . This-insect is quite easy

to obtain in great numbey in forest and pupae are easily sto-

red for a long time af ©.C withput:loosing their vitality.

Therefore, few thousands ¢f pupae of B, piniarius were col-
" lected in the field and they will be used in the laboratoxy

| rearing of Ds; alboannulatus. :

- Some points in biology of D, alboannulatus have been ex=-
plained /this is used as basis for studies on biotic activi-
ty of this parasite/:

1/ average quantitative relation between females and
males is 9:1 /2000 individuals were checked/,

- 2/ average fecundity of females at optimal conditions
' 1s about 175 eggs /500 females were checked/, :

'_3/ length of developmgnt of one generation is 20,5 days
" fat temperature 25°C and 50-60% of relative humidity

| S , 3Bl |
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4/’when temperature during rearing of parasites decreases
 below 14°C a great percent of larvae undergo diapause
- for a few months..

‘Discussion

o 'fRégni{é;of,studies made up to now upon development of
improved strains of parasites D, fuscipennis and D, alboan-
pulatus.are not yet complete and collecting of additional

- observations is required.
' However, on the basis of obtained results it may be sta-
: " ‘ted the separate strains of studies parasites collected in
. various areas differ significantly in biotic activity, There-
I ~ fore it is very important to use for intraareal introduction
3 . - or acolimatization of new parasites only strains with biotic
- activity higher than average. It may be emphasized that al-
though in the literature decrease of blotic activity of pure
lines inbreeded for a long time 1s mentioned / Rubdbcow,
1948/ in this study this phenomenon was not observed, Because
crossing between all strains of Dﬁ fuscipennis and D, albo-

~ apnulatus is feasible the geographlc races are not easil.
 Tormed as it is observed at some parasites /T i e 1l e n g a,
1956, 1959/, S S
‘As ‘régards the possibility of improving of collected 1n
field strains by mean of cross-mating of pure lines it is to
..early to make final conclusions. However, preliminary obser-
- vations on crossing of Di fuscipennis showed that biotilc
. aoctivity of progeny has increased. Whether this phenomen will
- 'disappear after 3-4 generation e.g. like effect of heterozy
observed in case .of many entomophagous insects /Rubocow
1948, Jachont ow 1957/ or this is inherited feature
it will be found in the future investigations. o

It should be pointed here that some difficulties may ari-
-~ ge in further studies on improving of strains of D, fusgi- .
. . -pennis and D; alboannulatus by mean. of cross—-mating of most

» ' . positive pure lines connected with fact that e.g. strainms

;. showing high fertility or ability to parasitize thick walled

. . " cocoons have low capacity of searching of hosts and low lon=-

' ‘gevity or vice versa. - =

. Therefore it may be assumed that only by further careful

' selection of progeny of ocrossed most positive strains in
respect of biotic activity it will be possible to obtain
pure lines of parasites having required fecundity, searching
~capacity of hosts and ability to parasitize thick walled

" cOo000NS,.

Con 6 lusions

Studies made so far have showed that 1n laboratory rea-
ring is it possible to obtain any required number of indivi-
duals of both studied species at any date. This finding is
of great importance for further studies on mass introduction

- of most vital strains of parasites, received by selection
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- and crossing, into forest areas to.check their efficacy 1
controlling insect pests in fielde. .

It may be emphasized that long lasting rearing of para-
sites has no negative influence on vitality and activiity of
studied strains. All studied strains of parasites collected
~in verious parts of Poland differ in respect to their biotic

activity. The lowest'differences.observed concerned;:the. ave-
rage longevity of females. R it A LR L S
'The most positive strains in one respect e.gs fecundity
showed inferiority in other respect -e.g. longevity of females.
- Preliminary studies upon cross-mating of individuals of
~different strains has indicated that crossing is feasible and
that it is possible to increase biotic activity of parasites
-~ by this method., This last conclusion must be, however, veri-
fied by conducting additional studles.

In the present stage of studies special interest must
be given for crossing of all positive pure lines and receilved
progeny should be selected to obtain strain or strains of pa-
rasites having high vitality and activity., It must be also
cleared experimentally by laboratory rearing of few generations
of parasites, whether such positive features will be inheri-
ted or shall disappear as temporary effect of heterozy, Ob-
taining of strains with permanent features consolidated by
selection will have great value for biological control purpo-
ses. : L

Plan of future work

The plan for the second year of our lnvestigation in-
cludes completing and starting of the followlng problems:

A/ At Dahlbominus fuscipennis v

_ 1. Completing of studies on blotic activity of pure
strains of parasite in order of definite finding what strains
are most effective, :

2. Continuation of crossing of most active strains, Spe-
cial interest will be given to orossing of some most positive
pure strains and selecting from mixed populations the pure
lines having all required positive features.

3. Collecting of few thousands of cocoons of Diprion SPDo
and Gilpinia spp. for further laboratory rearing ol parasiies.

44 Obtaining in laboratory rearing of several thousands
of individuals that will be used for introduction and check-
ing of their efficacy under natural conditions, ‘
B/ At Dirhicnus alboannulatus

1+ Collecting of additional pure strains of parasite
from various areas, - ,

2o Studles on blotic activity of pure lines.
3. Crossing between most active:strains;
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4/ Collecting of few thousands of pupae of Bupalus pil-
niarius for further propagation of parasite.

5/ Obtaining in laboratory rearing of several thousands
' of individuals that will be used for imtroduction and check~
ing of efficacy of this parasite under natural conditions.
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